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Staggered price and staggered wage contracts are commonly viewed as similar
mechanisms in generating persistent real effects of monetary shocks. In this paper,
we distinguish the two mechanisms in a dynamic stochastic general equilibrium
framework. We show that, although the dynamic price setting and wage setting
equations are alike, a key parameter governing persistence is linked to the under-
lying preferences and technologies in different ways. Under the staggered wage
mechanism, an intertemporal smoothing incentive in labor supply creates a real
rigidity that is absent under the staggered price mechanism. Consequently, the two
mechanisms have different implications on persistence. While the staggered price
mechanism by itself does not contribute to, the staggered wage mechanism plays
an important role in generating persistence.
Keywords:
Staggered Contracts; Business Cycle Persistence; Monetary Policy
JEL classiﬁcation: E24, E32, E521 Introduction
How monetary policy shocks affect business cycle duration has been a challenging
issue concerning economists and policy makers. Recent empirical studies such as
Christiano, Eichenbaum, and Evans (1999) reveal that monetary shocks can have
long-lasting effects on real activities. Yet, it has been a difﬁcult task to identify
monetary transmission mechanisms that can contribute to generating such effects.
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In a seminal paper, Taylor (1980) proposes a staggered wage mechanism to
help solve this persistence issue. In his model, nominal wages are set in a stag-
gered fashion. That is, not all wage decisions are made at the same time, and each
wage, after being set, is ﬁxed for a short period of time such as a year. As summa-
rized in Taylor (1999), there is much empirical evidence that price contracts and
wage contracts are staggered. Taylor (1980) shows that this staggered wage mech-
anism can lead to endogenous wage inertia and thereby persistence in employment
movements following a temporary shock. He states the intuition as follows:
Because of the staggering, some ﬁrms will have established their
wage rates prior to the current negotiations, but others will establish
their wage rates in future periods. Hence, when considering relative
wages, ﬁrms and unions must look both forward and backward in time
to see what other workers will be paid during their own contract pe-
riod. In effect, each contract is written relative to other contracts, and




contract formation in this model generates an inertia of wages which
parallels the persistence of unemployment.
More recently, Chari, Kehoe, and McGrattan (CKM) (1998) carry this intuition
to a general equilibrium environment. But, perhaps surprisingly, they ﬁnd that a
staggered price mechanism by itself cannot generate persistent real effects follow-
ing monetary shocks, an apparent puzzle in light of Taylor’s insights. There are
two interpretations of this puzzle. On one hand, CKM (1998) suggest that it is
difﬁcult to explain persistence based on staggered nominal contracts in a general
equilibrium framework, and “we should look elsewhere for mechanisms to gener-
ate persistence.” On the other hand, Taylor (1999) conjectures that, “the ﬁndings
of Chari, Kehoe, and McGrattan (1998) may indicate that the monopolistic compe-
tition (stationary market power) model may not be sufﬁcient as a microeconomic
foundation.” Behind the two arguments seems to be a common perception that a
staggered price mechanism and a staggered wage mechanism are embodied with
the same implications on persistence: either that they both contribute to generating
persistence or that neither does so.
2
1The purpose of this paper is to suggest a third interpretation of the persistence
puzzle. We ﬁnd that a general equilibrium model along the line of CKM (1998),
incorporating staggered wage contracts rather than staggered price contracts, is
able to generate substantial persistence. Thus, staggered wage contracts are an im-
portant contributing mechanism in generating persistent real effects of monetary
shocks, even when the underlying wage setting rule is derived from the standard
monopolistic competition framework. The two models have different implications
on persistence because, in a general equilibrium environment, the key parameter
that governs persistence in the dynamic price setting and the dynamic wage setting
equations is a function of the underlying preferences and technologies of the econ-
omy. Although the two equations are apparently identical, this functional form and
thereby the value of the persistence parameter differ across the two mechanisms.
To facilitate the comparison of the two mechanisms, we construct two models
in a symmetric way. The ﬁrst model features perfectly competitive goods markets,
monopolistically competitive labor markets, and households endowed with differ-
entiated labor skills setting nominal wages. The second model, on the other hand,
features perfectly competitive labor markets, monopolistically competitive goods
markets, and ﬁrms producing differentiated goods setting prices. In the spirit of
Taylor (1980), we assume that wages and prices are set in a staggered fashion.
3
Following the lead of CKM (1998), we derive the wage setting and the price set-
ting rules from households’ and ﬁrms’ optimizing decisions and thus link these
decision rules to the underlying preferences and technologies in the models. We
show that a critical parameter governing persistence is the elasticity of relative
wage (or price) with respect to aggregate demand in the wage (or price) equation.
A greater value of this parameter corresponds to less persistence, because it im-
plies a larger response of wage (or price) decisions to aggregate demand shocks,
and thus a faster adjustment of wage (or price) index and a quicker return of ag-
gregate output to steady state. Under the staggered wage mechanism, the value of
this parameter is necessarily less than one, and decreases with both the elasticity
of substitution among differentiated labor skills in the production technology and
the degree of relative risk aversion in labor hours in households’ preferences. In
contrast, the value of this parameter under the staggered price mechanism is nec-
essarily greater than one, and increases with the degree of relative risk aversion in
labor hours. Consequently, a staggered wage mechanism tends to generate persis-
tence but a staggered price mechanism does not.
To understand the driving forces of these results, we compare the optimal re-
sponses of households and ﬁrms to a monetary shock in the two models. In the
staggered wage model, imperfectly competitive households choose nominal wages
to balance the expected marginal utility of leisure and of wage income during
2their contract periods, taking into account the effects of the wage decisions on
the demand for their labor services and thus their wage incomes as well. When
an expansionary monetary shock occurs, wage index does not increase proportion-
ally due to staggering in wage setting. Price level does not fully rise either since
proﬁt maximization requires that price equal marginal cost determined by wage in-
dex. Therefore, real aggregate demand increases, raising both households’ income
and ﬁrms’ demand for labor services. The higher income reduces the households’
marginal utility of income and the higher labor demand raises their marginal utility
of leisure. Utility maximization requires that households who can renew contracts
raise wages to rebalance their marginal utility of income and of leisure. We ﬁnd
that the optimal percentage increase in relative wages is necessarily less than the
percentage increase in aggregate demand. The reason is that a higher relative wage
reduces both the demand for the corresponding type of labor services (substitution
effect) and the associated wage income (income effect). These effects both serve to
restore the balance between the marginal utility of income and of leisure. Thus the
optimal increase in relative wages is small. Consequently, wage index rises slowly,
and movements in aggregate output and employment, after their initial responses
to the shock, are also slow and persistent. Moreover, the easier to substitute across
labor skills and the more willing the households to smooth labor hours, the smaller
the optimal wage adjustment, and thus the larger the output persistence. If we mea-
sure the magnitude of persistence by the ratio of output response at the end of the
initial contract duration to that in the impact period (i.e., a “contract multiplier”),
this ratio is about
4
0
% under our calibrated parameter values.
The staggered price mechanism works differently. Under this mechanism, im-
perfectly competitive ﬁrms choose prices to maximize expected proﬁts during their
contract periods, taking into account the effects of the price decisions on the de-
mand for their goods and thus their revenues as well. We show that the optimal
price is a linear function of a ﬁrm’s expected marginal costs during its contract
periods. Thus a higher price will be set if the ﬁrm is expecting higher marginal
costs. Staggered price setting allows an expansionary monetary shock to raise real
aggregate demand and thus ﬁrms’ demand for labor services. On the other hand,
following the shock, households receive more real income, and consequently they
are willing to work less at each given real wage. The outward shift of labor de-
mand curve and the inward shift of labor supply curve both serve to drive up real
wage and thus the real marginal cost of production. If households prefer smoothed
labor hours, the equilibrium percentage increase in real wage will exceed the in-
crease in aggregate demand, causing marginal cost to rise by more than aggregate
demand does. In response, proﬁt-maximizing ﬁrms will fully adjust their prices
whenever they have the chance to renew contracts. Consequently, movements in
3aggregate output and employment, after their initial responses to the shock, are fast
and transitory. In contrast to the staggered wage model, the contract multiplier is
here negative for reasonable parameter values.
In the literature, there are three strands of research work that are related to
ours. The ﬁrst strand is the staggered price contract literature centering on the
CKM (1998) persistence puzzle. For example, Bergin and Feenstra (1998) show
that adding a non-CES production function and factor speciﬁcity to a staggered
price model can contribute to generating persistence; Kiley (1997) demonstrates
that assuming a high degree of increasing returns at individual ﬁrm level can help
produce persistence in a staggered price model; and Gust (1997) emphasizes the
importance of constraining factor mobility across sectors. The second strand of
literate related to our work is the state-dependent pricing literature. Dotsey, King,
and Wolman (1999) provide a general equilibrium framework for analyzing the
implications of state-dependent price setting rules. Dotsey, et. al (1997) show that
staggered price setting can arise from small menu costs, and incorporating variable
capacity utilization in such a model is a promising mechanism in delivering persis-
tence. The third strand is the nominal wage contract literature. Following the sem-
inal work of Blanchard and Kiyotaki (1987) and Blanchard (1986), attempts have
been made to model staggered wage contracts in a dynamic general equilibrium
environment. For example, Erceg (1997) analyzes a model with both staggered
price and staggered wage contracts and studies the role of this double staggering
mechanism in propagating monetary shocks, while Huang and Liu (1999) show
that adding a staggered price mechanism on top of a staggered wage mechanism
does not help magnify persistence. The recent work by Cho, Cooley, and Pha-
neuf (1997) evaluates the welfare effect of nominal wage contracts. In summary,
there has been a renewed interest in identifying monetary propagation mechanisms
within the framework of staggered nominal contracts. Yet, little has been done to
explore the microstructures that may distinguish the staggered wage mechanism
from the staggered price mechanism. In this paper, we distinguish the two mech-
anisms in their capabilities of generating persistence. It is important to emphasize
that we do not attempt to propose a single friction model that is able to fully ac-
count for the dynamic output responses to monetary shocks. In fact, the recent
work by Christiano, et. al (1997) suggests that it is unlikely for a single-friction
model to provide a complete account of the real effects of monetary shocks. To
provide such an account, a combination of frictions is required. Our work suggests
that, in such a multi-friction model, staggered wage contracts can be an important
contributing mechanism.
The rest of the paper is organized as follows. Section 2 illustrates Taylor’s
(1980) original intuition and brieﬂy describes the CKM (1998) persistence puzzle.
4Section 3 and 4 present two general equilibrium models with staggered wage and
with staggered price contracts, respectively, and use analytical solutions to distin-
guish the two mechanisms in their potentials of generating persistence. Section 5
evaluates the quantitative implications of the two mechanisms based on two cali-
brated models with capital. Section 6 concludes the paper. The models with capital
are described in the Appendix.
2 Taylor’s Insights and the CKM Persistence Puzzle
In this section, we use a simpliﬁed version of Taylor’s (1980) model to illustrate his
original intuition. Wethen describe the CKM(1998) persistence puzzle to motivate
our present work.
2.1 A Simple Model in the Spirit of Taylor (1980)
Consider an economy in which, as in Taylor (1980), prices are set for
N periods
and remain ﬁxed during these “contract periods,” where
N
>




N of ﬁrms can set prices, and in doing so, they take into account the
prevailing price which, at any point of time, is an average of the
N contractual
prices determined in the current and the previous
N
￿
1 periods. Therefore, when
setting newprices, ﬁrms look atboth the future and the past price decisions because
these are part of the prevailing price. When
N
=
2 , the price setting rule is fully




















































t denotes the price decision,
p





t is a conditional expectation operator. All variables are in log-terms,
and
e
t is a shock to price setting. The parameter
￿ measures the responsiveness
of price decisions to changes in aggregate demand conditions. The system can be













0. The model can then be reduced to a second order differ-
ence equation in
x




t using (1) and the money demand
equation, respectively. Under an additional assumption that the money stock
m
t
follows a random walk process, a simple solution to this difference equation can





















































1and the output follows a random walk process. In
general, a smaller
￿ corresponds to a larger
a and hence more output persistence.
Taylor (1980, 1999) notes that the autoregressive output process arises from the
staggering in price setting. Therefore, a model with staggered price contracts can
potentially generate large amount of persistence, provided that the key parameter
￿ is small.
In Taylor’s (1980) original setup,
￿ is a structural parameter void of any dis-
tinctions between price setting and wage setting, and the above arguments apply to
both mechanisms with the corresponding notations being appropriately interpreted.
2.2 The CKM (1998) Persistence Puzzle
CKM(1998) carry Taylor’s (1980) intuition to a general equilibrium business cycle
model with staggered price contracts, and thereby link the parameter
￿ to underly-
ing economic fundamentals such as preferences and technologies. However, they
ﬁnd that there is no persistence in output dynamics because the magnitude of
￿
so determined is too large for empirically plausible values of preference and tech-
nology parameters. CKM (1998) test the sensitivity of this result by including
various features such as convex demand curve, speciﬁc factor of production, and
zero-income-effect utility function, and ﬁnd the result robust.
There are two different interpretations of this persistence puzzle. On one side,
it is inferred that staggered nominal contracts may not be an important contributing
mechanism in generating persistence in a general equilibrium setup. On the other
side, it is conjectured that the conventional monopolistic competition framework
may not be adequate for deriving the price setting equation. This puzzle has stim-
ulated much research in combining various other mechanisms with the staggered
price mechanism to lower the value of
￿.
In this paper, we reassess the persistence puzzle from a different perspective.
We realize that, with optimizing individuals, a staggered wage mechanism, after
all, may be quite different from a staggered price mechanism in generating persis-
tence. Our ﬁnding is that such a difference does exist because the parameter
￿ is
determined by different economic forces inmodels with the twomechanisms. Such
ﬁne distinctions cannot possibly be uncovered unless the optimizing behaviors of
households and ﬁrms are explicitly modeled.
63 A Model with Staggered Wage Contracts
In this section, we describe a general equilibrium model with staggered wage con-
tracts. In the model economy, there is a large number of inﬁnitely-lived households






there is a large number of identical ﬁrms who use all types of the labor services
to produce a homogeneous consumption good. In each period
t, the economy ex-
periences a realization of shocks
s




















). The initial realization
s
0 is given.


























































Firms behave competitively. Upon the realization of
s




























































































































































Households are price-takers in goods markets and monopolistic competitors in
labor markets. They take the labor demand schedule (4) as given and set wages
in a staggered fashion. In particular, in each period




households that can set new wages upon the realization of
s
t. Once a wage is set, it
has to remain ﬁxed for









































































































































￿ is a CEScomposite of consump-




) is a strictly decreasing and strictly concave
7function. Upon the realization of
s
t, the household solves its utility maximization








































as given. If the household is a member of the cohort that can set new wages, it











taking the labor demand schedule (4) as given. The utility maximization is subject






















































































































































t and pays off one



















) is a nominal transfer to the household.
To close the description of the model, we need to specify a monetary policy.
We assume that newly created money is equally distributed to all households via














































































































] that satisfy the follow-
ing conditions: (i) taking prices as given, ﬁrms’ allocations solve their proﬁt maxi-
mization problem; (ii) taking prices and all wages but its own as given, each house-
hold’s allocations and wage solve its utility maximization problem; (iii) goods mar-
ket, money market, and bond market clear; and (iv) monetary policy is as speciﬁed.
In what follows, we focus on a symmetric equilibrium in which all households
in a given cohort make identical wage decisions. Since there are complete con-
tingent bond markets and consumption and leisure are additively-separable in the
utility function, equilibrium consumption ﬂows and real money balances are iden-
tical across all households.




















































for now and relax this assumption in Section 5.
To see how the staggered wage mechanism can help generate persistence, we
consider ﬁrst the case with no staggering, that is, with
N
=
1. The ﬁrst order
8condition with respect to household





















































) are the household’s marginal utility of leisure and of





W inequilibrium) isaconstant “markup” over themarginal rate of
substitution between leisure and consumption. When the marginal utility of leisure
rises, the household increases its wage to reduce the demand for its labor services;
when the marginal utility of consumption increases, the household lowers its wage




1, all households make

































). The real wage is thus always constant and a monetary
shock only results in a proportionally higher price level, leaving all real variables
unchanged.




situation is different. As a cohort of households makes wage decisions, the rest
N
￿
1 cohorts cannot set new wages. Thus, when a household raises its wage, it
also raises its relative wage, resulting in a lower demand for its labor services and a
lower wage income given that
￿
>
1. Before turning to the
N-period wage setting
rule, we develop ﬁrst a quantitative measure of the contemporaneous response of
relative wage to a given aggregate demand shock, assuming that each household
takes wage index as given in making wage decisions and there is no forward- or
backward-looking effects. These assumptions are to be relaxed later. Notice that











































































), the labor demand







































Suppose that there is now an expansionary monetary shock. Since the wage
index does not rise proportionally due to the staggering, the real aggregate demand
rises. If household









) and thus its marginal utility of leisure would rise. Utility maxi-
mization requires that the household raise its wage to maintain (6). The equilibrium

































W. To see how much the relative wage has to be raised in
response to a given demand shock, we take total differentiation of (6) to obtain the















































Y is less than one. Thus a one percent change in aggregate output results




Y decreases in both
￿ and
￿. These observations are the key to understanding the model’s potentials in
generating persistence.
The above ﬁndings are fairly intuitive. Since there is an intertemporal smooth-




￿ implies a smaller wage adjust-
ment in response to the shock. This is so because, when it is easier to substitute
one type of labor for another, a given relative wage adjustment is associated with a
larger employment ﬂuctuation. On the other hand, given that
￿ is larger than one, a
stronger incentive of a household to smooth its labor hours (i.e., a higher
￿) makes
it less willing to adjust its relative wage.
Wenowanalyze the
N-period wagesetting rule, withthe intertemporal forward-
and backward-looking effects taken into account. The ﬁrst order condition with
respect to the




































































































































t. Hence, the household’s optimal wage is a constant “markup” over the
ratio of weighted marginal utilities of leisure to those of income over the contract
periods, where the weights are given by normalized quantities demanded for its




To gain further insights into this wage decision rule, it is helpful to examine the




















































where the lower-case variables denote log-deviations of the corresponding upper-
case variables from their steady state values,
E
t is a conditional expectation opera-
tor, and the event argument
s
t is replaced by the time subscript
t to save notation.
10We have also set
￿
=
1 to simplify the expressions. The weights on lagged and












), and the coefﬁcient in front of















￿ is the household’s steady state relative risk aversion in labor hours. Ac-
cordingly,





Equation (8) is apparently identical to Taylor’s (1980) structural equation, ex-
cept that the parameter
￿ in his model is a structural parameter, while it is here a
parameter determined by the underlying preferences and technologies. It is clear










j is declining in
j, the household assigns lower weights to those wages
set either in the further past or in the further future. This backward- and forward-
looking consideration implies that the household would like to keep in line with
the peers when deciding on its own wage, as emphasized by Taylor (1980).
More importantly, a household that can set a new wage takes into account
changes in aggregate demand conditions during its contract periods. The parameter
￿ measures the responsiveness of the household’s wage to such changes. A smaller
￿ implies a slower wage adjustment, and thus more output persistence. Equation
(9) shows that
￿ depends on both the elasticity of substitution among differentiated








￿ is necessarily less than one and decreases with both
￿
￿ and
￿. Thus the staggered wage mechanism can potentially contribute to generating
persistence.
6
To illustrate the role of
￿ in helping generate persistence, we derive analytical

































































2, we obtain a second













































11With an additional assumption that
m
t follows a random walk process, the solution
















t. The implied dynamic output
equation is given by (3), as in the simpliﬁed version of Taylor’s (1980) model.
The only difference is that the key persistence parameter
￿ is here determined by
preference and technology parameters
￿
￿ and
￿, as described in (9).
4 A Model with Staggered Price Contracts
In this section, we present a general equilibrium model with staggered price con-
tracts. As will be shown, the dynamic price setting equation in this model is appar-
ently identical to the dynamic wage setting equation in the staggered wage model
presented above. However, the elasticity of relative price with respect to aggregate
output, the counterpart of
￿ in the previous model, is here linked to the underlying
economic fundamentals in a different way, and the model is not able to deliver any
persistence for reasonable parameter values.
The model is a simpliﬁed version of CKM (1998). To be speciﬁc, there is a
continuum of ﬁrms who use homogeneous labor services to produce differentiated





], and there is a representative household who
supplies the labor and consumes a composite of all types of the goods.















































































￿ is a CES composite of





























































Upon the realization of
s
t, the household solves the utility maximization prob-




























































) as given. The utility maximization is























































































and a borrowing constraint similar to that in Section 3. From the ﬁrst order condi-


















































































































is the labor used by
j at
s
t. Firms are price-takers in labor markets and monopo-
listic competitors in goods markets. They take the goods demand schedule (10) as
given and set prices in a staggered fashion. All ﬁrms are divided into
N cohorts




can set a new price solves an










































































































































Thus the ﬁrm’s optimal price is a markup over a weighted average of the marginal
costs during its contract periods, where the marginal costs are given by the nominal
wages since labor is the only input.
Assuming that monetary policy and money demand equation are the same as in
the staggered wage model, we can deﬁne an equilibrium analogously. In what fol-
lows, we focus on a symmetric equilibrium in which ﬁrms in the same cohort make
identical price decisions. The main ﬁnding is that marginal cost always changes
more than aggregate output does in response to a shock, and thus a ﬁrm always
fully adjusts its price whenever it gets the chance to set a new price. In conse-
quence, price level changes quickly, and aggregate output returns to steady state as
soon as every ﬁrm gets the chance to renew its contract.
13To understand this no-persistence result, it is essential to understand how equi-
librium real wage, the real marginal cost in this model, responds to changes in



















































































































where the second equality follows from the production function, the third equality



















) in (13). This equality determines an equilibrium real wage.
Figure 1 illustrates labor market equilibria before and after an aggregate de-
mand shock, where aggregate output
Y is a shift variable. In Figure 1, a change




1 leads to a shift in both labor supply and labor
demand curves. The labor supply equation (12) reveals that, for a given labor de-
mand, a one percent increase in
Y causes an equal percentage increase in real wage
(from point
Ato
Bin the diagram). The labor demand equation (13) reveals that an
increase in
Y causes a one-for-one increase in labor demand, thus shifts the labor
demand curve to the right and further pushes up real wage via moving along the
new labor supply curve (from point
B to
C). By taking total differentiation of (12),










the household’s relative risk aversion in labor hours. The total percentage increase






































sarily larger than one. Thus, real wage rises by more than aggregate output does.
Facing such a large increase in real marginal cost, each ﬁrm fully raises its price
whenever it gets the chance to set a new price. Price level thus rises quickly and
the output response is short-lived.
This inability of the staggered price mechanism is in contrast to the potential of
the staggered wage mechanism in generating persistence. Nonetheless, confusion
of the two mechanisms may arise from the apparent similarity of the linearized
























































which is apparently identical to the log-linearized wage equation (8) in the stag-
gered wage model, with
w
t being replaced by
p
t everywhere. Indeed, the coefﬁ-
cients
b
j are identical in the two equations so that the intertemporal backward- and
forward-looking effects seem to work in the same way under the two mechanisms.
However, the parameter
￿ is determined in different ways across the two models
so that the optimal wage and the optimal price responses to changes in aggregate
demand conditions are different. In the staggered price model,




















￿ is here necessarily larger than one and increases with
￿
￿.
Thus, the staggered price model is not capable of generating persistence.
To make this no-persistence result more transparent, we solve for the equilib-
rium output dynamics when
N
=
2 , and the solution is again given by (3). Since
￿ is here greater than one, the value of
a is necessarily negative and there is no
persistence.
In light of (9) and (15), as long as there is an intertemporal smoothing incentive




0), the key persistence parameter (
￿) in the two models
is linked to preferences and technologies in two different ways, rendering the two
models different potentials in generating persistence.
5 Models with Intertemporal Links
As our analytical results in Sections 3 and 4 have shown, the staggered price
mechanism does not contribute to generating persistence while the staggered wage
mechanism potentially can. As shown in CKM (1998), the inability of the stag-
gered price model in generating persistence is robust when there are intertemporal
links such as capital accumulation and interest rate sensitive money demand. To
assess the quantitative contribution of the staggered wage mechanism to generating
persistent real effects of monetary shocks, we examine a calibrated version of the
staggered wage model with these intertemporal links. We ﬁnd that the staggered
wage mechanism does play an important role in generating persistence.
15We describe the formal model, the computation methods, and the calibration
strategies in the Appendix, and present the main results in this section. Since ana-
lytical solutions are difﬁcult to obtain, we resort to numerical methods to solve the
log-linearized equilibrium conditions. The calibrated parameter values are shown
inTable1. Allparameters arecalibrated using standard methods asinCKM(1998),
except for the elasticity of substitution among differentiated labor skills in the stag-




6in light of the micro-studies by Grifﬁn (1992,
1996).
8
In what follows, we report the impulse response functions of the models’ key

















































t has an i.i.d. normal distribution with zero mean and
ﬁnite variance. To compute the impulse responses, we choose the magnitude of the
innovation term in the money growth rate (the
"
t term) so that money stock rises
by
1
% one year after the shock.
Figure 2 plots the impulse response functions of output in the two models with
N
=
4 . In the staggered price model, the output initially rises, and then returns to
steady state as soon as the initial contract expires (i.e., one year after the shock).
This ﬁnding is consistent with CKM (1998). In contrast, the output response in
the staggered wage model is much more persistent. To measure the magnitude of
persistence, we deﬁne a “contract multiplier” as the ratio of the output response at
the end of the initial contract duration to that in the impact period. The contract




under the staggered wage mechanism.
Figures 3 and 4 display the impulse responses of key variables in the two mod-
els. In both models, consumption, investment, and employment are all procyclical.
Investment is more volatile than output, which in turn is more volatile than con-
sumption. The nominal interest rate and inﬂation rate are both procyclical. Inter-
estingly, all these are standard features of a monetary business cycle model without
nominal rigidities (e.g. Cooley and Hansen (1995)). Except for the lack of “liquid-
ity effect,” these features are broadly consistent with the business cycle facts in the
U.S. economy. Nonetheless, the two models’ equilibrium predictions differ in two
key aspects. First, the impulse responses of both real and nominal variables in the
staggered wage model are more persistent than those in the staggered price model.
Second, real wage is strongly procyclical in the staggered price model, while it is
weakly countercyclical in the staggered wage model. Evidence on the cyclicality
16of real wage is mixed. As surveyed by Abraham and Haltiwanger (1995), existing
empirical studies do not suggest systematically procyclical or countercyclical real
wages.
9
Finally, Figure 5 displays the impulse response of output in the staggered wage
model with different values of
￿ and different




6 , higher values of this parameter are reported in the literature. For
example, Erceg (1997) uses a value of
1
0, Kim (1996) obtains an estimate of
1
2,
and Koenig (1997) argues that
￿ can beashigh as
2
0. Asshown inFigure 5,alarger
￿ leads to ﬂatter output responses and hence more persistence. Additionally, a
larger
N also produces more persistence. It is interesting to note that, the staggered
wage model is able to generate a hump-shaped output response for
￿ values within
the range reported in the literature. The ﬁndings here conﬁrm the analytical results
in Section 3, and are consistent with Taylor’s (1980) original insights that a larger
degree of asynchronization in wage setting (i.e., a larger
N) generates more output
persistence.
To summarize, the basic insights elaborated by our analytical solutions in Sec-
tions 3 and 4 stand up to the incorporation of such intertemporal links as capital
accumulation and interest rate sensitive money demand. While the staggered price
mechanism by itself does not contribute to, the staggered wage mechanism plays
an important role in generating persistence.
6 Conclusion
We have shown that, with optimizing individuals, staggered wage contracts and
staggered price contracts have different implications on persistence. Although the
dynamic price setting and the dynamic wage setting equations in the two mod-
els are apparently identical, the key parameter that governs persistence in the two
equations is linked to preferences and technologies in different ways, resulting in
different predictions on how aggregate output responds to monetary shocks. While
the staggered price model by itself does not contribute to, the staggered wage model
plays an important role in generating persistence. The difference between the two
mechanisms cannot possibly be uncovered unless individuals’ optimizing behav-
iors are explicitly modeled.
We have focused on distinguishing the two mechanisms in their abilities of
generating persistence, and have not attempted to propose a single friction model
that is able to fully account for the dynamic output responses to monetary shocks.
As suggested by Christiano, et. al (1997), it is unlikely for a single-friction model
to provide a complete account of the real effects of monetary shocks. To provide
17such an account, a combination of frictions is required. Our ﬁndings in this paper
suggest that, in such a multi-friction model, staggered wage contracts can be an
important contributing mechanism.
Appendix
This appendix presents a model of staggered wage contracts with capital accumu-
lation. The model is identical to the model in Section 3 with two exceptions. First,
ﬁrms’ production requires both labor and capital as inputs. Second, households’
problems now involve decisions on capital accumulation. The model of staggered
price contracts with capital accumulation is not formally presented here because it
is similar to CKM (1998).
A.1. The Model















































































) denote the nominal rental rate on













































































































We next specify households’ problems. The utility function is the same as in
















































































































































































) are the investment and the capital ad-
justment cost of household
i in
s










































































































































) as given. If the household is








































































































































































































































































































































































































) denote the marginal utility of consump-







) is the Lagrangian mul-





























Equations (21)-(24) arestandard ﬁrstorder conditions withrespect tothehouse-
hold’s choice of consumption, money balances, bond holdings, and capital invest-
ment, respectively. Equation (25) corresponds to the wage setting rule. The left-
hand side of this equation is the expected present value of marginal utility gains
due to an increase in wage and thus reduced labor hours during the contract pe-
riods, while the right-hand side is the expected present value of marginal utility
losses due to unemployed hours and thus a lower wage income. The wage is set to
balance the gains and the losses at the margin. Since there are complete contingent
asset markets, each household’s consumption and money balance decisions depend
only on initial distributions of wealth. Without loss of generality, we assume that
19the initial holdings of wealth are identical across households. This assumption,
along with the assumption that consumption and leisure are additively separable in
the utility function, implies that the equilibrium consumption and money balances











































i, and thus the
wage decision rule implied by (25) depends only on aggregate variables.




































































Note that, in each period
t, ﬁrms’ decisions on capital demand are made after the
realization of
s






The rest of the optimization conditions is the same as in Section 3. Given the
money supply process (16), an equilibrium can be deﬁned analogously.
A.2. The Computation
Wenowdescribe howtocompute equilibrium decision rules. Withappropriate sub-
stitutions, the equilibrium conditions can be reduced to three equations, including
a wage setting equation, a capital Euler equation, and a money demand equation.
The decision variables are current wages, aggregate consumption, and aggregate
capital stock. We focus on a symmetric equilibrium in which households in the
same cohort make identical decisions. In a symmetric equilibrium, a household’s
wage decision depends only on the time at which it can set a new wage but not on










































































We now rewrite (25) as an equation in the three decision variables. To begin,

























































































































































) (derived from ﬁrms’ cost-











) in (22) and (24), respectively.
20Given the Markov money supply process (16), a stationary equilibrium in this
economy consists of stationary decision rules which are functions of the state of the












1 due to staggered wage contracts. Thus, the state of
the economy in period




addition to the beginning-of-period capital stock and the exogenous money growth
rate. Toinduce stationarity, wedivide all wages by the money stock. Thus, the state
at
s



















































































































). The parameters to be calibrated include the subjective discount fac-
tor
￿, the preference parameters
b,
￿, and
￿, the capital share
￿, the depreciation
rate
Æ, the adjustment cost parameter
 , the monetary policy parameter
￿, and the
technology parameter (i.e.,
￿ in the staggered wage model and
￿ in the staggered
price model). The calibrated values are summarized in Table 1.
In our baseline model, we set
N
=
4so that a period in the model corresponds









4. To assign values for
b and


























































































1 is the gross nominal interest rate. The re-













8 for quarterly U.S. data with a sample range from quarter one in 1960 to
quarter four in 1995. The serial correlation parameter





7, based on quarterly U.S. data on M1 from quarter three in 1959 to quarter


















4 so that the baseline model
predicts an annualized capital-output ratio of
2
:









3, as in most business cycle studies. We adjust
  so that the


















6 in the staggered wage model, based on the empirical
studies by Grifﬁn (1992, 1996), who uses disaggregated ﬁrm-level data to estimate
the elasticity of substitution among differentiated labor skills.
In the sensitivity analysis conducted in Section 5, we vary the degree of asyn-
chronization in wage setting,








￿ accordingly so as to keep unchanged the labor-leisure
ratio, the capital-output ratio, the investment-output ratio, the relative volatility of
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24NOTES
1. Although models with information lags and price stickiness are shown to be
quite successful in generating output ﬂuctuations driven by monetary shocks,
the resulting effects are usually contemporaneous rather than persistent. See,
for example, Lucas (1972), Lucas and Woodford (1993), Rotemberg (1996),
and Yun (1996).
2. This view has recently been emphasized by Taylor (1999), who states that
“the equations are essentially the same for wage setting and price setting.”
3. Our purpose here is to compare the abilities of two alternative mechanisms
with staggered nominal contracts in the spirit of Taylor (1980) and CKM
(1998) in generating long-lasting endogenous persistence with a short du-
ration of exogenous stickiness. We thus follow these authors and assume
time-dependent wage setting and price setting rules.
4. We assume, without loss of generality, that the initial distribution of wealth
is identical across all households.
5. Sincethelabor demand elasticity








is associated with higher labor income.
6. The wage decision rule (8) also reveals that the effect of
￿ on persistence can
be reinforced by the number of cohorts. A larger
N tends to dampen wage
response to changes in current and future aggregate outputs.
7. Notice the similarity of this equation to the price setting rule in Taylor’s
(1980) simple model described by (1) and (2).
8. The estimate of
￿ in Grifﬁn (1992, 1996) is based on ﬁrm level data repre-
senting different industries. As noted by Grifﬁn (1992), the estimate tends to
be biased downward for two reasons: (i) all ﬁrms in the data set are subject
to Afﬁrmative Action which restricts labor substitutability, and (ii) the em-
ployment data does not include employee characteristics such as workers’
age, experience, and education. Grifﬁn (1996) shows that, when Afﬁrmative
Action is explicitly accounted for, the estimate of
￿ is about
6.
9. Since monetary shocks are the only driving force of ﬂuctuations in our mod-
els, to evaluate the models’ empirical relevance, we need to compare the
models’ predictions on real wage behavior with the response of real wage
to monetary shocks in the data. The evidence is mixed. Some empirical
25studies ﬁnd that real wage is acyclical or weakly procyclical in response to
monetary shocks (e.g. Christiano, et al. (1999)), while some other studies
suggest the opposite. For example, Bernanke and Carey (1996) ﬁnd that,
using data for 22 countries during the Great Depression, nominal wages ad-
justed quite slowly to falling prices, resulting in rising real wages amid the
dramatic reduction in employment and output. As documented by Friedman
and Schwartz (1963), monetary shocks played an important role during the
Great Depression. In a survey on the cyclicality of real wages, Abraham and
Haltiwanger (1995) note that the real wage cyclicality depends on various
factors including the choice of sample periods. For instance, they ﬁnd that
there were roughly synchronized declines in the growth rate of industrial
production and real wages in the early to middle 1970s, but in the 1981-82
period, industrial production fell while the real wage growth rate actually
increased. It is well known that there was a major monetary contraction
during the early 1980s. Our model of staggered wage contracts is more ﬂex-
ible than it appears to be in accommodating the real wage cyclicality. For
example, one way to induce acyclical real wages is to add price stagger-
ing on top of wage staggering, as in Erceg (1997). But as we have shown
elsewhere (Huang and Liu (1999)), adding price staggering in the staggered




















































































































































































































































Figure 1:—Real wage response to an aggregate demand shock




































Figure 2:—Impulse response of output in the calibrated models
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Figure 3:—Impulse responses in the staggered wage model with calibrated
parameters
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Figure 4:—Impulse responses in the staggered price model with calibrated
parameters









































































aThe literature provides a wide range of
￿ values. In addition to Grifﬁn’s (1992, 1996) reported
￿ value of about
6, which is the benchmark value we use, other values are used in the literature.
For example, Erceg (1997) uses a value of
1




￿ can be as high as
2
0. The ﬁgures here display the impulse response of output
for alternative
￿ values within this range. 32